2) The IgM levels and the number of IgMSC were also high in carp during the spawning season, although the levels were not necessarily related with the levels of sex steroids. In addition, high levels of endogenous F in spring to summer did not affect the immunocompetence (our unpublished data). This might be main cause why common carp show strong resistance against disease.
In conclusion, seasonal changes of immune pattern in fish are very complex and seems to be regulated by the cooperative action of sexual maturation and water temperature. For analyzing the defense mechanism during the spawning season, water temperature and the physiological levels of steroid hormones must be considered.
EFFECTS OF STEROID HORMONES ON THE ANTIBODY PRODUCTION AND ANTIBODY PRODUCING CELLS.
Many aspects of immune function are modulated by endocrine systems. Since, in vivo mechanisms underlying this relationship are poorly understood, in vitro techniques are required in fish. Some examinations of both in vivo and in vitro administration of steroid hormones are discussed here.
In vivo administration of steroid hormones
Immunosuppressive function of corticosteroids is well accepted also in fish. In vivo administration of F induced lymphocytopenia in brown trout,13) and caused significant reduction of IgM contents in rainbow trout particularly in the skin mucus.14) In addition to F, Hou et al.14) showed that sex steroids also suppress the IgM levels in the skin mucus. The reduction of mucus IgM by the steroid hormones should be responsible for the fungal or other skin infectious disease during the spawning season, when the levels of steroid hormones are high in blood plasma.
In vitro administration of steroid hormones
The immune suppressive effects of steroid hormones have been discussed in many fish species. The in vitro administration of F inhibits antibody production of splenic and pronephric lymphocytes in coho salmon, Oncorhynchus kisutch.15) Kaattari and Tripp16) reported that, F suppresses the number of antibody-producing cells in salmon by inhibiting the release of an interleukin-like immune fator. In rainbow trout, F, T, 11-KT, and E2 treatment suppressed IgMSC in PBL, spleen, head kidney, and skin.17) Since F levels did not necessarily elevated in maturing rainbow trout, high disease susceptibility during the spawning season might be caused by the higher levels of sex steroids.
The in vitro immunosuppresseive effect of F was clearly recognized in common carp, as in the case of salmonid fish, On the other hand, seasonal observations revealed that IgM levels and IgMSC numbers are high from spring to summer in carp reared under natural condition, even when the F levels were high, as described above. Suppressive effects of endogenous cortisol might be compensated to keep immunological homeostasis by some other factors.
Effects of sex steroids were not clear in carp. Only splenic lymphocytes and in some cases pronephric lymphocytes were sensitive to T. This is quite different from the results in rainbow trout. Difference in the sensitivity of immne system against sex steroids, might lead the difference in the susceptibility against diseases during the spawning season.
EFFECTS OF STEROID HOROMONES ON THE IgM mRNA LEVELS
In spite of accumulation of molecular biological data on fish immunology, the molecular mechanisms of steroid-mediated immunosuppression are still not clear. Both in vivo and in vitro experiments showed that F and E2 reduced mRNA transcription of the membrane and secretory forms of IgM in rainbow trout (our unpublished data). Quick response in in vitro experiment, i.e., within 3 hours, indicate that the steroids act directly against IgM producing cells. On the other hand, no inhibition of the mRNA transcription of the two forms of IgM was caused by T, which inhibit the IgM producition as Hou et al.14,15 reported. This difference in results suggest the importance of some other factors, such as cytokines, derived from various types of lymphocyte. We need further studies to investigate the effects of steroid hormones on the IgM mRNA levels in additional fish species.
EFFECTS OF STEROID HORMONES ON THE APOPTOSIS OF LEUKOCYTES
Apoptosis is an active process of `cellular suicide' which affects individual cells with normal ATP levels and generally requires mRNA and protein synthesis.18) A number of endocrine factors are involved in the regulation and control of apoptotic cell death in fish. Our unpublished data showed that F induces in vitro apoptosis of carp lymphocytes from peripheral blood and major lymphoid organs, i.e., spleen, head kidney, and thymus. Results indicate that apoptosis of lymphocytes has an importance in the process of immunosuppression by F. Weyts et al.19, 20) reported that F induces apoptosis in carp B cell but inhibits in neutrophilic granulocytes. This cortisol-mediated rescue of neutrophils from apoptosis shows that cortisol does not suppress all aspects of the immune system. On the other hand, no effects of sex steroids on the induction of apoptosis of carp leukocytes have been observed yet (our unpublished data). We need to compare the results with those in salmonids. 
